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FIELD OF THE INVENTION 

This invention is in the field of liquid coating devices for forming a 
uniform coating of a coatable composition on a workpiece, such as a 
semiconductor wafer. More specifically, this invention relates to improvements in 
coating thickness uniformity by compensating for variations in barometric 
pressure. 

BACKGROUND OF THE INVENTION 

In the process of fabricating microelectronic devices such as 
semiconductor integrated circuits, certain steps typically must be limited to well- 
defined regions of the semiconductor wafer. These regions must be precisely 
delimited and the other areas of the wafer must be protected from the action of a 
particular fabrication step. 

Photolithography is a common method of selectively protecting 
areas of a wafer. According to this approach, a coating of photosensitive 
photoresist is first layered on the wafer. One method of applying the photoresist 
coating is spin processing. A spin coater is used for this purpose. The spin coater 
places a suitable quantity, typically 1 ml to 4 ml, of photoresist in the center of a 
wafer spinning at an initial rotational speed, e.g., 1000 rpm to 1500 rpm. At some 
point after the photoresist is placed on the wafer, the rotational speed of the wafer 
is ramped up to a final spin speed. Typically, the wafer is spun by a chuck to 



which the wafer is attached by vacuum suction or the hke. Centrifugal force 
causes the photoresist to spread out over the surface of the spinning wafer. 

After the photoresist costing is layered on the wafer, it is exposed 
to light through a photomask. The photomask is formed of a thin metal film or 
5 . the like having a desired pattern that selectively allows light to pass through the 
mask and expose the photoresist coating. If the photoresist is of a so-called 
negative type, the exposed photoresist coating is developed by dissolving and 
washing away the unex:posed regions. If the photoresist is of a so-called positive 
type, the exposed photoresist coating is developed by dissolving and washing 

10 away the exposed regions. In both types of photolithography, the remaining 
photoresist forhis the protective mask on the wafer. 

. In photolithography processing, it is important to maintain a 
uniform photoresist coating thickness. To form high-quality semiconductors, not 
only should the photoresist coating be uniform throughout the entire surface of a 

15 single wafer (referred to herein as "intra-wafer uniforinity"), the photoresist 

coating also should be uniform fironi wafer to wafer (referred to herein as "wafer- 
' to- wafer uniformit/- or simply "uniformity"). It is known that the thickness of a 
photoresist coating depends on many factors including viscosity and temperature 
of the photoresist solution, spin speed, bake temperature, bake time, bake 

20 pressure, process timing delays, spin acceleration, air velocity, humidity, 
temperature, and pump parameters. 

Previous efforts at increasing coating thickness tiniformity focused 
on the temperatiire and humidity factors because these factors have a significant 
impact on coating thickness and can be directly controlled in a ^re^ 

25 inexpensive, straightforward naanner. For example, to directly control the effects 
of temperature and humidity, processing can be carried out in an environmental 
chmnber in which the temperature arid humidity are maintained at pre-selected, 
constant levels so that the uiiiformity variations due to temperature and humidity 
are avoided. * 
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In addition to directly controlling the temperature and humidity, 
another approach is to measure the temperature or humidity and then control a 
different pi^ocess parameter such as the spin speed, the temperature of the 
photoresist, and/or the temperature of the wafer in order to achieve uniformity and 
compensate for temperature and humidity variations. Such an indirect approach is 
shown in U.S. patent 5,127,362 (1 992) issued to Iwatsu et al. The approach 
described in Iwatsu involves measuring the temperature and/or the humidity, and 
then adjusting the spin speed, the temperature of the photoresist, and/or the 
temperature of the wafer iii respoiise to the measured temperature and/pr 
humidity. 

The problem with coiitrolling, or compensating for, temperature 
and/or humidity is that there is an inherent limit to the level of uniformity that is 
attainable by relying pn only these two inputs. As tolerances for circuits 
manufactured upon semiconductor wafers become more demanding, other factors 
must be addressed to achieve greater levels of photoresist thickness uniformity. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a liquid coating 
device and method which can form coatings having a uniform thickness from 
substrate to substrate and is inexpensive. 

Effects from factors other than temperatm-e and humidity perhaps 
could have remained unappreciated and have been safely ignored when 
photoresist coating tolerances were less demanding» But as semiconductor 
devices have become increasingly complex and tolerances more demanding, these 
once-ignored factors must be accounted for in order to achieve greater photoresist 
thickness imiformity. One especially important factor is the barometric pressure 
of the processing environment. Barometric pressure and coating thickness are 
inversely related. If the barometric pressure of the processing environment is 
relatively high, then the resulting coating will be thinner than desired. Likewise, 
if the barometric pressure of the processing environment is relatively low, then the 



resulting coating will be thicker than desired. Therefore, by compensating for 
barometric pressure variations^ mote demanding thickness uniformity tolerances 
can be achieved. 

Accordingly, this invention relates to a sj^tem for coating a 
5 coatable composition on a wofkpiece that addresses the non-uniformities 

introduced by variations in the barometric pressure of the processing environment 

in order to achieve a greater degree of coating uniformity. 

Addressing the effects from barometric pressure variations is 
different, however, than addressing the effects from temperature and humidity 

10 variations. There are relatively inexpensive and straightforward methods of 
directly controlling temperature and humidity, e.g., using an environmental 
chamber to maintain a constant temperature and humidity during processing. 
However, it is more expensive and difficult to directly set the barometric pressure 
at a constant, consistent level. Therefore, an indirect method of compensating for 

15 the effects of barometric pressure is preferable. 

The preferred embodiment of the present invention discloses an 
indirect approach for compensating for the effects of barometric pressure on 
coating thickness uniformity in coating operations. Specifically, at least one 
thickness-affecting process parameter is adjusted to compensate for variations in 

20 the barometric pressure during coating of a coatable composition onto a 

workpiece, thereby obtaining a more uniform coating thickness. For example, it is 
known that a number of contrpUable process parameters such as coating speed, 
spin speed of the workpiece in the context of spin coating, photoresist 
temperature, environmental temperature, relative humidity, and workpiece 

25 temperature can have an effect upon photoresist coating thickness. If the 

measured barometric pressure suggests that the coating thickness might end up too 
thick, one or more of such process parameters or the like can be adjusted in a 
manner tending to decrease coating thickness so as to compensate for barometric 
pressure effects. Conversely, if the measured barometric pressure suggests that 

30 the coating thickness might end up too thin, one or more process parameters or the 
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like can be adjusted in a manner tending to increase coating thickness so as to 
conipensate for barometric pressure effects. 

One or more process parameters may be controUably adjusted in 
order to compensate for barometric pressure effects. Generally, choosing the 
5 number of parameters to adjust depends upon the parameters at issue. Some 

parameters provide excellent adjustment results when controlled singly, whereas 
others might tend to provide the best results when controlled in concert with other 
parameters. For instance, spin speed is a process parameter that can be controlled 
singly in order to compensate for barometric pressure effects while holding other 

10 process parameters substantially constant. On the other hand, parameters such as 
the composition temperature, the workpiece temperature, and the surrounding ; 
chamber temperature are advantageously adjusted as a trio in concerted fashion in 
order to* compensate for barometric pressure effects. 

hi a particularly preferred implementation of this approach, a 

1 5 correlation between coating thickness and barometric pressure can be determined 
as a function of a parameter, such as spin speed for example, while holding 
temperature, huniidity, and/or other controllable process parameter? at convenient, 
constant values. Coating would then be carried out at those constant values at a 
particular spin speed effective to achieve the desired thickness for the currently 

20 measured barometric pressure. This embodiment involves spin speed as the 

process parameter to be controUably adjusted, but any of the other controllable 
parameters could have been chosen for this role as well. 

In one aspect, the present invention relates to a liquid coating 
device for coating a fluid composition on a surface of a workpiece to forna a 

25 coating. The device comprises processing chamber including a coating enclosure 
within which the workpiece is supported during coating operations. A pressure 
communicative conduit operatively couples a pressure sensor to the interior of the 
coating enclosure such that a pressure signal generated by the pressure sensor is 
indicative of the pressure inside the coating enclosure. A control system is 

30 coupled to the sensor and adapted to control at least one thickness-affecting 
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process parameter via an output control signal. The control system comprises 
componentry that enables the control systeni to derive the output control signal 
from information comprising the generated pressure signal. 

In another aspect, the present invention relates to a method of 
5 coating a workpiece with a fluid composition thereby forming a coatin 

surface of the workpiece. Specifically, the method involves the steps of 
positioning the workpiece inside a coating enclosure. An exteriorly positioned 
pressure sensor is operatively coupled to the interior of the coating enclosure via a 
pressure communicative conduit in a maimer such that a pressure signal generated 

10 by the pressure sensor is indicative of the pressure inside the coating enclosure. 

comprising the following steps. A process coating parameter is then adjusted to a 
setting corriesponding to the desired coating thickness, wherein the setting is 
determined from inforrnation comprising the generated pressure signal. The 
workpiece surface is then coated with the fluid composition, wherein at least a 

15 portion of the coating step occurs while the process coating parameter is at said 
setting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The above mentioned and other advantages of the present 

invention, and the manner of attaining them, will beconie more apparent and the 
invention itself will be better understood by reference to the following description 
of the embodiments of the invention taken in conjunction with the accompanying 
drawings, wherein: 

25 FIG. 1 is a block diagram showing a spin coating device according 

to an embodinient of the present invention; 

FIG. 2 is a block diagram showing a spin coating device according 
to an alternative embodiment of the present inventio 

FIG. 3 is a sectional view of a workpiece coated with a coatable 
30 composition at an optimal barometric pressure; 
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FIG. 4 is a sectional view of a workpiece coated with a coatable 
composition at a higher than optimal barometric pressure; 

FIG. 5 is a sectional view of a workpiece coated with a coatable 
composition at a lower than optimal barometric pressure; and 
5 FIG. 6 is a perspective view, in partial cross section, of a spin 

coating device according to an altemative embodiment of the present invention, . 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED 

EMBODIMENTS 

10 ^ The embodiments of the present invention described below are not 

intended to be exhaustive or to limit the invention to the precise forms disclosed 
in the following detailed description. Rather the embodiments are chosen and 
described so that others skilled in the art may appreciate and understand the 
principles and practices of the present invention. Jn other words, for purposes of 

15 illustration, the system shown is for spin coating a photoresist onto a 

microelectronic device such as a semiconductor wafer, a flat panel display, or a ' 
thin fihn head. But, the present invention can be used for any coating operation, 
e.g., extrusion or spray coating, in which a coatable composition is coated onto a 
workpiece. For purposes of illustration the workpiece referred to herein is a 

20 wafer. 

There are several convenient, directly controllable process 
parameters that affect the thickness of a coating. These process parameters 
typically include temperature of the coatable composition at the time of coating, 
temperature of the workpiece, chamber huniidity, chamber temperature, and, in 

25 the case of spin coating, spin speed, spin duration, delay from photoresist , 

dispensing to initiation of s;pin ramp-up, ramp-up dilation, and spin acceleration 
during ramp-up. In the present invention, one or more of these thickness-affecting 
process parameters are adjusted in response to measured variations in barometric 
pressure so that any non-uniformities introduced by the variations in barometric 

30 pressure are compensated for by adjusting the at least one thickness^affecting 
parameter. In the preferred embodiment, the at lea:st one thickness-affecting 
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process parametier is spin speed. Spin speed is preferred because it is easily 
controllable, and adjusting only one thickness-affecting process parameter reduces 
the cornplexity of the system. 

For instance, a liquid coating device 10 is shown in block diagram 
5 foim in FIG. 1 . The device 10 is adapted to controUably adjust spin speed in- 
order to compensate for barometric pressure effects. The device 10 includes an 
environrnental chamber 1 2 housing a rptatable support member 1 4, which 
comprises a chuck 16 connected to a motor 1 8. A wafer W is mounted by means 
of vacuum suction or the like (not shown) to the chuck 16. The wafer W and 

10 chuck 16 are rotated by the motor 18 during spin coating. 

Above an exposed surface of the wafer W, is a dispenser 20 for 
providing a predetermined amount of a photoresist onto the wafer W. The 
dispenser 20 is connected to a photoresist supply system 22. The dispenser 20 and 
photoresist supply system 22 are of conventional design and adapted to use 

15 conventional techniques to maintain the photoresist in a condition so that the 

photoresist may be freely supphed through the dispenser 20 onto the surface of the 
wafer W during spin coating. For example, as illustrated in FIG. 2, the dispenser 
20 can include a photoresist heater 50 for maintaining a desired photoresist 
temperature. A suitable dispenser and photoresist supply system for use in the 

20 systems of FIG. 1 or FIG. 2 can be found in the POLARIS® photolithography 

cluster manufactured by FSI International, Inc., Chaska, Minnesota. 

Referring again to FIG. 1, the dispenser 20, the photoresist supply 
system 22, and the rotatable support member 14 are adapted as necessary to allow 
convenient access to the chuck 1 6 so that the wafer W can be mounted on and 

25 removed from the chuck 1 6 quickly and easily. 

A barometric pressure sensor 24 is located within, or proximal to, 
the device 10 so that the barometric pressure sensor 24 can measure some 
parameter indicative of the barometric pressure iiiside the environmental charnber 
12, preferably in such a way that the measured parameter is indicative of 

30 barometric pressure near the wafer W. For example, when using the POLARIS® 
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cluster a suitable placement is within the coater module in a non-turbulent, 
shrouded position so as to eliminate air flow effects upon the sensor 24. The 
particular design of the barometric pressure sensor 24 is iiot critical; any sensor 
capable of detecting a parameter indicative of barometric pressure inside the 
5 environmental chamber 12 can be used. In the preferred embodiment, the 

barometric pressure sensor 24 is a PTB 100 series analogue baronieter 

manufactured by Vaisala Oy, Helsinki, Finland. 

An output signal of the barometric pressure sensor 24 is input intp 
a control system 30. The control system 30 includes componentry, which could 

10 be hardware, software, or a combination of both, that uses the signal from the 
barometric pressure sensor 24 to generate an output signal that corresponds to a 
setting of the at least one thickness^affecting process parameter sufficient to 
achieve the desired uniformity and/or coating thickness at the measured 
barometric pressure. In the preferred embodiment, the control system 30 includes 

15 program instructions, i.e. software, that contain reference data relating the 

measured barometric pressure parameter to a desired spin speed appropriate to 
cornpensate for the barometric pressure effects proximal to the wafer W. The 
control system 30 then generates an output signal corresponding to the desired 
spin speed, and the output signal is input to a rotational speed controller 32. The 

20 rotational speed controller 32 sets the rotational speed of the motor 18 to the spin 
speed dictated by the signal from the control systeni 30. FIG. 1 shows the 
rotational speed controller 32 separate from the control system 30 and the motor 
1 8, but this configuration is in no way critical. Any convenient setup could be 
used. For example, the rotational speed controller 32 could be integrated into the 

25 control system 30 or the motor 18. 

An environmental chamber 12 encloses the apparatus so that 
desired environmental conditions suitable for applying photoresist onto a wafer W 
can be maintained and/or controllably adjusted. Thus, the environmental chamber 
12 allows the temperature and humidity of the chamber 12 to be set at particular 

30 values for carrying out the processing. By holding these factors constant. 
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variations in temperature and humidity that would cause photoresist thickness to 
vary are avoided. The environmental chamber 12 also serves as a barrier against 
particulates and other contaminants. In addition, the chamber 12 is adapted to 
allow access to the interior of the chamber 12 so that the wafer W can be mounted 
5 on and removed frorn the chuck 16. 

The charriber 12 further includes chamber tOTiperature and 
humidity sensors 34 md 36 that provide input signals to the control system 30 so ; 
that chamber temperature and relative humidity can be controlled as desired. To 
accomplish this, the device 10 further includes a remote atmosphere handler 40 in 

10 fluid cointnunicatipn with the chamber 12 and adapted to process atmosphere in 
the chamber 12 in order to establish desired temperature and humidity within the 
chairiber 12. A suitable atmosphere within the chamber 12 depends on the type of 
coating process and coatable composition used. For example, the atmosphere can 
be air or an inert gas such as He, Ar, N2, or the like or a combination thereof. An 

15 atniosphere handler controller 38 supplies a signal to the remote atmosphere 
handler 40 in accordance with a signal geinerated by the control system 30 in 
response to input signals supplied from the chamber temperature and humidity 
sensors 34 and 36. In the preferred embodiment, the remote atmosphere handler 
40 is designed to establish the desired chamber temperature and humidity by first 

20 chilling the atmosphere to be circulated into the chamber 12 in order to dry the 
atmosphere. Once dried, the atmosphere is heated and hiunidified to the desired 
temperature and humidity level. The processed atmosphere is then transferred 
into the chamber 12. As an option, a re-circulation loop could also be used to 
partially re-circulate the atniosphere from the chanaber 12 back to the remote 

25 atmosphere handler 40. 

In FIG. 1 the control system 30 is shown as a single unit. The 
control system 30 could also, however, comprise multiple control systems. For 
instance, in the preferred embodiment separate control systems operate the remote 
atmosphere handler 40 and the rotatable support member 14 iiidependently. 
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Methods for forming a photoresist coating having a uniform 
thickness using the Uquid coating device of FIG. 1 will be described below. 

In a preferred mode of operation of the device 1 0, chamber 
humidity and temperature, photoresist temperature, and wafer temperature are set 
at particular values. For these values, reference data giving photoresist thickness 
as a function of spin speed over a range of baronietrie pressure conditions is 
obtained empirically. Noniinal barometric pressure is dependent on altitude, for 
example, at sea level nominal barometric pressure is 1,013 millibars whereas at 
10,000 feet abovp sea level nominal barometric pressure is 695 millibars, with the 
actual, measured barometric pressure varying within 50 millibars above and below 
the nominal barometric pressiure. Thiis, empirical daita preferably is obtained over 
about a 100 millibar range extending 50 millibars above and below the nominal 
barometric pressure at the particular site where coating is to occur. With this 
reference data, a spin speed needed to achieve the desired photoresist thickness at 
a measured baromelric pressure can be easily detenriined. This determination can 
be rnade in any convenient manner such as by using a look-up table, by 
developing a formula using regression analysis or other curve fitting techniques, 
or the like. Preferably, the determination is made by performing least squares 
regression analysis to develop a linear approximation of a spin speed needed to 
get a desired coating thickness given a particular measured barometric pressure. 

A wafer W (100 nun to 300 inm in diameter most typically) is 
mounted on the chuck 16. A predetermined amount of the photoresist (e.g., 1 ml 
to 4 nil) at a predetermined temperature (e.g., 1 8 °C to 25^C or preferably within 
3° of ambient temperature) is supplied from the photoresist supply system 22 via a 
conduit and dropped on the center of the wafer W while it rotates at an initial, 
relatively low rotational speed, e.g., 1000 rpm to 1500 rpm. The spin speed is 
then ramped up to a final spin speed, e.g., 2000 rpm to 5000 rpm, needed to obtain 
the desired coating thicloiess. The final spin $peed is deteraiined by the control 
system 30 in response to a signal fi"om the barometric pressure sensor 24 in order 
to conipensate for baromeitric pressure effects proximal to tiie worl^iece W. 



For example, if the barometric pressure in the ch^ber 12 is higher 
than an optimal barometric pressure for forming a photoresist coating 60 having 
the desired mean coating thickness, the dropped photoresist would tend to form a 
photoresist coating 60, as shown in FIG. 4, haying a mean coating thickness that 
5 would be lower than the desired mean coating thickness if no adjustments were 
made. Li such a situation, however, the barometric pressure sensor 24 detects the 

higher barometric pressure and sends an output signal to the control system 30. 

The control system 30 would then derive a relatively slow final spin speed from 
infdniiation comprising the sensed barom^ In 

10 accordance with the derived final spin speed, the control system 30 sends an 

ou^ut signal to the rotational speed controller 32. Th^ rotational speed controller 
32 sets the rotational speed of the motor 18 to match the final spin speed derived 
by the control system 30. A slower spin speed tends to produce a thicker 
photoresist coating 60. Therefore, as a result of the relatively slow spin speed, the 

15 mean coating thickness ,of the photoresist coating 60 increases to the desired mean 
coating thickness as shown in FIG. 3. 

Still referring primarily to FIG. 1 , if the barometric pressure in the 
chamber 12 is lower than the optimal barometric pressure, the provided 
photoresist would tend to form a photoresist coating 60 on the wafer W, as shown 
, 20. in FIG. 5, having a mean coating thickness higher than the desired mean coating 
thickness if no adjustments were made. In such a s;itliation, however, the 
barometric pressure sensor 24 detects the lower barometric pressure and sends an 
output signal to the control system 30. The control system 30 would then derive a 
relatively fast final spin speed from information comprisiiig the sensed barometric 

25 pressure and the reference data. In accordance with the final spin speed, the 

control system 30 sends an output signal to the rotational speed controller 32. The 
rotational speed controller 32 sets the rotational speed of the motor 18 to match 
the final spin speed derived by the control systeni 30. A faster spin speed tends to 
produce a thinner photoresist coating 60. Therefore, as a result of the relatively 
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fast final spin speed, the mean coating thickness of the photoresist coating 60 
decreases to the desired coating thickness shown in FIG. 3, 

An alternative method of operating the device 1 0 shown in FIG. 1 
involves contrbllably varying a process timing delay such as the period occurring 
5 from the time of dispensing the photoresist to the time of initiating spin speed 

ramp-up. The method is similar to the spin speed method described above except 

as follows, When the barometric pressure sensor 24 detects a higher barpmetric 

pressure, the sensor 24 sends an output signal to the control system 30. the ^ 
control system 30 derives an appropriate process timing delay from information 

10 comprising the sensed barometric pressure and cprrespoiiding reference data. In 
accordance with the new process timing delay, the control system 30 sends an 
output signal to the rotational speed controller 32. The rotational speed controller 
32 adjusts the time for initiating the spin-speed ramp-up after the photoresist is 
delivered from the photoresist supply system 22 in accordance with the new 

15 process timing delay provided by the confrol system 30. A longer process timing 
delay tends to produce a thicker photoresist coating 60- Therefore, as a result of 
the relatively long process tiniing delay, the mean coating thickness of the 
photoresist coating 60 increases to the desired npiean coating thickness as shown in 
FIG. 3. 

20 Likewise when the barpmetric pressure sensor 24 detects a lower 

barometric pressiu-e, the sensor 24 sends an output signal to the control system 30. 
The control system 30 would derive an appropriate process timing dd^ 
information conaprising the sensed barometric pressure and corresponding 
reference data. In accordance with the new process timing delay, the control 

25 system 30 sends an output signal to the rotational speed controller 32. The 

rotational speed controller 32 adjusts the time for initiating the spin speed ramp^- 
up after the photoresist is delivered from the photoresist supply system 22 in 
accordance with the new process timing delay provided by the control system 30, 
A shorter process timing delay tends to produce a thinner photoresist coating 60. 

30 Therefore, as a result of the relatively short process timing delay, the mean coating 
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thickness of the photoresist coating 60 decreases to the desired mean coating 
thickness as shown in FIG. 3. 

Yet another method of operating the device 10 shown in FIG. 1 
involves controUably adjusting the spin duration. The method is similar to the 
5 spin speed method described above except as follows. When the barometric 
pressure sensor 24 detects a higher barometric pressure, the sensor 24 sends an 
output signal to the control system 30. The control system 30 would derive an 
appropriate spin duration from information comprising the sensed barometric 
pressure and corresponding reference data. In accordance with the derived spin 

10 duration, the control system 30 sends an output signal to the rotational speed 

controller 32. After ramping-up the spin speed, the rotational speed controller 32 
spins the wafer W at a final spin speed for the duration provided by the control 
system 30. A shorter spin duration tends to produce a thicker photoresist coating 
60. Therefore, as a result of the relatively short spin duration, the mean coating 

1 5 thiclaiess of the photoresist coating 60 increases to the desired mean coating 
thickness as shown in FIG. 3. 

Likewise, when the barometric pressiwe sensor 24 detects a lower 
barometric pressure, the sensor 24 sends an output signal to the control systeni 30. 
The control system 30 would derive an appropriate spin duration from 

20 information comprising the sensed barometric pressure and corresponding 

reference data. In accordance with the derived spin duration, the control system 
30 sends an output signal to the rotational speed controller 32. After ramping-up 
the spin speed, the rotational speed controller 32 spins the wafer W at a final spin 
speed for the duration provided by the control system 30. A longer spin duration 

25 tends to produce a thinner photoresist coating 60. Therefore, as a result of the 

relatively long spin duration, the mean coating thickness of the photoresist coating 
60 increases to the desired mean coating thickness as shown in FIG. 3. 

Instead of controlling a single process parameter, more than one 
thickness-affecting parameters could be controlled in a concerted fashion 

30 according to a signal generated by the barometric pressure sensor 24. Such an 
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approach is demonstrated in an alternative embodiment of a liquid coating device 
10 shown in FIG. 2. The device 10 of FIG. 2 is similar to the device depicted in 
FIG. 1, except the device 10 of FIG. 2 includes a photoresist heater 50 and a 
workpiece heater 54 operationally coupled to chuck 16 so that the controUably 
5 adjusted, thickness-affecting parameters are photoresist temperature, workpiece 

temperature, and chamber temperature instead of spin speed, process timing delay, 
or spin duration. The device 10 also includes feedback sensors (not shown) 
thermally coupled to the dispenser 20 and the chuck 16 to sense temperature 
indicative of the temperature of the photoresist and the workpiece W supported on 
10 the chuck 16. 

FIG. 2 shows a control system 30 that is operationally coupled to a 
temperature controller 52 and an atmosphere handler controller 38 so that the 
chamber, workpiece, and photoresist temperatures can be varied in a concerted 
fashion in order to compensate for barometric pressure effects. The temperature 
' 1 5 controller 52 receives a signal from the control system 30 directing the 

temperature controller 52 to adjust the temperature of the photoresist provided 
from the dispenser 20 by setting the temperature of the photoresist heater 50. The 
photoresist heater 50 is located within the dispenser 20 or the photoresist supply 
system 22. Also, the temperature controller 52 adjusts the workpiece heater 54 in 

20 order to set the temperature of the workpiece W mounted on the chuck 16. An 

atmosphiere handler controller 38, in response to a signal from the control system 
30, sends an input signal to a remote atmosphere handler 40 directing the air 
handler 40 to set the temperature within the chamber 12. The photoresist heater 
50 and the workpiece heater 54 can be of any conventional design so long as the 

25 photoresist and workpiece temperatures can be controlled within desired 

tolerances. The chamber atmosphere temperature is set by the remote atmosphere 
handler 40 described above. Chamber temperature and humidity sensors 34 and 
36 and the feedback sensors (not shown) are operationally coupled to the control 
. system 30 in a conventional manner for feedback control to ensure that desired 

30 temperature levels are maintained within tolerances. 
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A method for forming a photoresist coating having a unifonn 
thickness using the Uquid coating device of FIG. 2 will be described below. 

The operation of the device 10 depicted in FIG. 2 would be similar 
to the general operation of the device 10 depicted in FIGi 1. The chamber 
5 humidity and spin speed are set at particular values. For these values, reference 
data giving photoresist thickness as a function of photoresist temperature, wafer 
temperature, and chamber temperature over a range of barometric pressure . 
conditions is obtained empirically as described above. Based on this reference , 
data, the photoresist, wafer, and chamber temperatures me set at initial values 

10 effective to achieve a desired photoresist thickness fqr convenient chamber 
humidity and spin speed settings and a nominal barometric pressure. The 
photoresist, wafer^ and chamber temperatures are varied in a concerted fashion by 
an amount determined by formulaic analysis, look-up table, or the like using the 
reference data and the nieaswed bar^ 

15 . In such a liquid coating device 10, the wafer W is chucked, rotated, 

. and photoresist is dropped as described above, Ifthe barometric pressure in llie 
chamber 1 2 is higher than an optimal barometric pressure for forming a 
photoresist coating 60 having a desired mean coating thickness, the barometric 
pressure sensor 24 detects the higher barometric pressure and sends an output 

20 signal to the control system 30. The control systein 30 would then derive from 

information comprising the sensed barometric pressure and corresponding 
reference data an amount by which to increase the photoresist, wafer, and chamber 
temperatures, hi accordance with this amoimt, the control system 30 sends an 
output signal to the ternperature controller 52 and the atmosphere handler 

25 controller 38. The temperature controller 52 and the atmosphere handler 38 

increase the temperatures of the photoresist heater 50, the chuck heater 54, and the 
remote atmosphere handler 40 by the amount derived by the control system 30. 
Higher temperatures tend to produce a thicker photoresist coating 60. Therefore, 
as a result of the higher temperatures, the mean coating thickness of the 
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photoresist coating 60 increases to the desired mean coating thickness as shown in 
FIG. 3. 

Similarly, if the barometric pressure in the chamber 1 2 is lower 
than the optimal baromeMc pressure, the barometric pressure sensor 24 detects 
5 . the lower barometric pressure and sends an output signal to the confrol system 30. 
The control system 30 would then.derive from information comprising the sensed 
baro^ietric pressure and corresponding reference data an amount by which to : 
decrease the photoresist, wafer, and chamber temperatxu-es. In accordance with . 
this amomit, the control system 30 sends an o^^ 

10 controller 52, the atmosphere handler controller 38 

52 and atmosphere handler controller 38 decrease the temperatures of the 
photoresist heater 50, the chuck heater 54 and the remote atmosphere handler 40 
by the amount derived by the control system 30. Lower temperatures tend to 
produce a thinner photoresist coating 60. Therefore, as a result of the lower 

15 temperatin-es, the mean coating thickness of the photoresist coating 60 decreases 
to the desired coating thickness shown in FI^^^^ . 

As mentioned hereiniiboyej the barometric pres^ 
desirably located iso as to be capable of measuring some parameter indicative of 
the barometric pressure within the coating cup itself, while yet being in a 

20 shrouded position so as to reduce or eliminate the effects of air flow upon the 

sensor. One way of achieving the accurate measurement desired, wMe 
reducing or eliminating air flow effects, is to position the barometric pressure 
sensor outside of the environmental chamber and to couple the sensor to the 
interior of the cup by way of a pressure communicative conduit. Thus, the actual 

25 barometric pressure proximal to the coating operation is measured without 

subjecting the sensor to air flow effects. FIG. 6 illustrates this embodiment of the 
present invention. 

Figure 6 shows a perspective view, in partial cross-section, of a 
coating module 600 incorporating the aforementioned principles £ind thus being 

30 capable of achieving the aforementioned objectives. Coating module 600 
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generally includes coating enclosure 602 mounted in supporting frame structure 
604. Coating module 600 is adapted to provide for the placement of pressure 
sensor 606 in a position exterior to the coating enclosure 602 while still providing 
accurate measurements of the actual barometric pressure within coating enclosure 
5 602. 

Coating enclosure 602 includes cup assembly 608 fit around 
motorized shaft assembly 610. In operation, a semiconductor wafer (not shown) 
is mounted inside cup assembly 608 by means of vacuuni suction or the like onto 
a tunitable (not shown) that is rotatabiy driven by motorized s^^ 

10 . Cup asseitibly 608 includes bowl 612, baffle 620, and deflector 628 supported 

inside container 619. Bowl 612, baffle 620, arid deflector 628 are easily removed . 
from container 619 for cleaning or other service. 

. Bowl 612 has an annular shape to fit around motorized shaft 
assembly 610 and includes outer wall 614, inper wall 616, and bottom 618. Bowl 

15 6 1 2 fits snugly into container 6 1 9 of coating enclosure 602 . Annular baffle 620 is 
releasably mounted onto bowl 612, To help hold baffle 620 in position on bowl 
612, flange 622 of baffle 620 engages inner wall 616 of bowl 612 with a close-fit 
engagement. Distal edge 624 of baffle 620 curves downward toward outer wall 
614 to help cause excess processing fluid to drain downward into drain region 

20 626. Annularly shaped deflector 628 is positioned in bowl 612 over baffle 620, 

^er circumference 630 of deflector 628 defines opening 632 tiirough which a 
semiconductor wafer can be inserted or removed froni coating enclosure 602 to 
carry out coating operations. The space between deflector 628 and baffle 620 
defines pocket 634 for catching overspray as thrown off of the spinning wafer 

25 during coating operations. 

A pressure communicative conduit in the form of tubing 636 
extends from drain region 626 to pressure sensor 606. First end 638 of tubing 636 
is curved downward to help prevent processing fluid from getting into tubing 636. 
First end 638 of tubing 636 is secured in position by fitting 637. Distal end 640 of 

30 tubing 636 is operationally coupled to pressure sensor 606. As a result, even 
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though pressure sensor 606 is positioned outside of coating enclosure 602, the 
pressure sensed by pressure sensor 606 is the actual barometric pressure in the 
drain region 626 between baffle 620 aiid bowl 612, inside of cup assembly 608. 
Advantageously, the placement of pressure communicative conduit 636 and its 
5 relationship to pressure sensor 606 allows such a measurement to be obtained 
inside of cup assembly 608, while minimizing, or substantially eliminating, the 
effects of air flow and turbulence that may otherwise impact such a measurement. 
Furthermore, the shape of the tubing 636 of the pressure communicative conduit 
can prevent the flow of processing fluid from interfering with the measurement, 

10 thus further enhancing the accuracy thereof. 

In a preferred mode of operation of a coating device incorporating 
coating module 600, chamber humidity, temperature, photoresist temperature and 
wafer temperatures are set at particular values as described hereinabove with 
respect to Figure 1. A wafer (not shown) is then mounted on motorized shaft 

15 assembly 610 so that the wafer is partially enclosed by cup assembly 608^ 

predetermined amount of the photoresist (not shown) at a predetermined 
temperature is supplied from a photoresist supply (not shown) and dropped on tiie 
center of the wafer while the wafer is caused to rotate at an initial preselected 
speed. One or more process parameters, such as spin speed, ramp speed profile, 

20 . conibinations of these and the like as described above, can be controlled in 
response to pressure measurements in order to obtain a coating of the desired 
thickness. Advantageously, due to the placement of pressure communicative 
conduit 636, the measured pressure is substantially indicative of the pressure 
within coating enclosure 602. 

25 Other embodiments of this invention will be apparent to those 

skilled in the art upon consideration of this specification or from practice of the 
invention disclosed herein. For example, the present invention can be appUed to 
other processes that coat a coatable composition to form a coating having a 
uniform thickness such as spin coating of dielectrics or dopants in semiconductor 

30 fabrication. Various omissions, modifications, and changes to the principles and 
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embodiments described herein may be made by one skilled in the art without 
departing from the true scope and spirit of the invention which is indicated by the 
following claims. 
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